D r. Brass
1 raises some provocative issues in his commentary, Basic biomedical sciences and the future of medical education: implications for internal medicine, about the impact of evolutionary changes in medical education on students' interest in science and clinical reasoning ability. We believe he makes some valid points but also reaches conclusions disparate from the prevailing views of many in the medical education community. Despite our differences, we share a passion for developing educational models that prepare students to fulfill the evolving health-care needs of the 21st century. In this commentary, we respond to Dr. Brass' article, beginning with a brief recounting of the history of how we came to have the medical education system we have today, then addressing areas of common ground and areas of divergent views, and concluding with suggestions for "a way forward."
HOW WE CAME TO HAVE OUR CURRENT SYSTEM OF MEDICAL EDUCATION
In the nearly 100 years since the publication of the Flexner Report 2 , much has changed, including the practice of medicine, the health-care system, the academic health science center, the expected competencies of physicians, the characteristics of medical students, the expectations of patients, our understanding of adult learning, and the volume of medical knowledge. The core elements of Flexner's recommendations, embraced by Brass 1 , were that analytic reasoning is the basis for medical decision making and that research should be stimulated by questions raised in the context of patient care. These principles remain sound. However, in the spirit of continuous improvement, we can embrace the enduring elements of Flexner's recommendations, but we must also ensure that today's medical education reflects the contemporary reality in the 21st century. While much attention is focused on attempts to reform medical education 3 , some may fail to recognize the impact of significant changes in medical practice and academic health science centers over the last 100 years on medical education 4 .
Today's environment for medical education has evolved since Flexner's time in ways that necessitate another era of change in the educational system. For instance, in Flexner's day, what was considered cutting edge research could and did emerge from observations of patients during the course of clinical practice. As Cooke et al. 4 pointed out, teaching, clinical care, and research activities were intertwined and mutually beneficial because patients were the basis for research. This symbiotic relationship enabled physician-scientist-clinicians of the Flexnerian Era to move seamlessly from the ward to the classroom to the laboratory. During the 20th century, research productivity became the core element for faculty promotion, overshadowing excellence in clinical care or teaching 5 . Creation of the National Institutes of Health began an era of funding for basic science research, development of basic science departments, and expansion of graduate programs 4, 6 . Research became the priority of most basic science departments, although they were also charged with educating medical students. Most basic science faculty had little knowledge of clinical medicine, resulting in discipline-based basic science education with little clinical context.
By mid-century, cutting edge research had become increasingly complex and molecular, rather than patient, based. Successful researchers required new skill sets and more time for research and grant writing, resulting in less time for teaching. Concurrently, important changes affected clinical faculty. With little or no remuneration for teaching, most medical school clinical faculty have had to earn their salary through clinical productivity. As a result, it has become increasingly difficult to become a top-flight researcher, clinician, and educator. Financial pressures and institutional expectations for advancement promoted a division between basic science and clinical faculty, and eroded faculty time for undergraduate medical education 7 . The sheer volume of biomedical knowledge has expanded dramatically, along with increased expectations of newly graduated physicians. These changes, in turn, have changed what we now consider the fundamental or basic science knowledge needed by our students. Fundamental science includes the broad background of biological and social science, and quantitative aptitudes needed to gather and interpret scientific evidence, and apply it to make evidencebased patient care decisions. If physicians are to understand well and use sensibly multiple types of knowledge that apply to clinical care, they need to learn not only knowledge from studies of the biology of human health and disease, but also knowledge from clinical care research, knowledge about working in health systems, knowledge of psychology and sociology, knowledge derived from clinical experience, knowledge of professional values and ethics, and knowledge about patients' experiences, values, and preferences. More than just mastering each body of knowledge, our students need to learn to use judgment in understanding, weighing, and integrating these many types of knowledge into sound decisions in the service of their patients. Since new knowledge will be made after they graduate, our students should be able to evaluate original research and literature that assess and summarize research results and expert opinions, such as systematic reviews 8 and practice guidelines [9] [10] [11] . The importance of appraising evidence critically and applying it judiciously is clear 12, 13 .
Since Flexner, our knowledge about how people learn has grown tremendously and is still changing rapidly. This trend also demands that we re-examine the learning strategies and tactics we use in medical education 14, 15 . This challenge is widely acknowledged, and it has been labeled as one of the major internal challenges to medical education 16 .
Points of Agreement. We agree with Dr. Brass about five important points. First, understanding the scientific foundations of medical practice and using this knowledge to inform decisions for patient care is an essential competency of physicians. Second, physicians should think critically as they access and examine evidence and guidelines in providing quality care to individuals. Third, students and physicians often assert the lack of direct relevance of basic science to the practice of clinical medicine. Fourth, as our understanding of the science of learning changes, educational strategies should be applied to enhance learning of the sciences fundamental to medicine. Finally, internists, both generalists and subspecialists, should continue to be engaged in the ongoing discussions of medical education reform.
POINTS OF DIVERGENT VIEW
While we have areas of agreement with Dr. Brass 1 , there are points about which our views diverge. First, it appears very unlikely that emerging directions in American medical education will diminish the importance of the fundamental sciences. The changes being implemented have not devalued the basic sciences, nor have the changes in basic science education impeded the learning of clinical decision making. We suspect students' perceptions of the basic sciences as "irrelevant" are more likely related to the need to do a better job of choosing, updating, and presenting content in a way that demonstrates relevance than to less time devoted to basic science education. Second, the proposed changes in the United States Medical Licensing Examinations (USMLE) are designed to strengthen and broaden assessment of students' knowledge of and ability to apply fundamental sciences to clinical medicine, not to diminish the importance of the fundamental sciences. Third, the diminished interest in internal medicine is less likely due to changes in basic science education than to other factors, including income, workload, and perceived quality of life. We also doubt that changes in medical curricula have played a significant role in MD/PhD program matriculation, as students apply for these programs prior to starting medical school. Finally, Dr. Brass's general assertion that "clinical faculty" are inadequate role models and teachers because they are not conversant with the fundamental sciences is unfounded. We elaborate on each of these points of disagreement below. Despite our divergent views, we see several positive adaptations developing in response to the evolution from Flexner's time to the contemporary reality. Many medical schools have taken steps to integrate more meaningfully the basic and clinical sciences to diminish unintended redundancy and to emphasize the importance of fundamental science in clinical decision making. Concurrently, many have introduced early patient care experiences, some longitudinal, and increased active, self-directed learning activities. This national movement toward curricular integration and the evolutionary changes in the USMLE should result in enhanced experiential reinforcement of basic knowledge.
Medical schools have been expanding what is considered fundamental science from the traditional disciplines of anatomy, physiology, biochemistry, microbiology, pharmacology, and pathology also to include behavioral science, communication science, epidemiology, statistics, critical appraisal of the literature, health-care economics, and the sciences of quality and safety. Failing adequately to educate in these areas has potentially dire consequences for our patients and the healthcare system. Learning science fundamental to medicine is a lifelong pursuit; the sampling offered in medical school should provide foundations necessary for lifelong education, including the commitment and skills necessary to continue to learn over a career.
Assessments of students' achievement are evolving, and can become even more explicitly aligned with contemporary goals for medical education. Students' experience preparing for the responsibility of caring for patients is a potent long-term stimulus for learning 4, 17 . However, interval assessments of their acquisition of the knowledge, skills, and attitudes necessary for medical practice are a strong and more immediate stimulus. If assessment can foster learning, increasing attention is and should be placed on how to assess not only students' mastery of knowledge from the fundamental sciences, but also meaningful integration into the context of clinical decision making. Many schools are rebuilding the way the fundamental sciences are taught. The traditional fact-and lecture-based model for basic science education, without significant clinical context, has resulted in short-but not long-term retention of knowledge 18 . For many students, basic science has been reduced to a rite of passage, characterized by binging and then purging after completing the basic science-centric component of the licensure examination (USMLE Step 1). Multiple studies have confirmed that students' retention of noncontextualized basic science factual information is poor [19] [20] [21] .
In addition, the current system of separation of basic from clinical science in a "two-plus-two" model results in separation rather than seamless, longitudinal integration. This temporal separation may exacerbate students' misperceptions of basic science as irrelevant to patient care. Curricular models in which students learn scientific fundamentals in authentic health-care contexts may help students comprehend this knowledge and be more readily able to transfer and apply it to clinical decisions, which should reinforce positively its perceived relevance to patient care. The USMLE licensing examinations are also evolving in ways that should enhance, not lessen, the importance of the fundamental sciences. We believe that Dr. Brass' concerns about a negative impact of changes in the USMLE licensing process on the importance of scientific foundations of medical education are unfounded. The result is likely to be the antithesis of his concern. Two USMLE decision points (or gateways), one at the end of medical school in preparation for supervised clinical practice and the other during residency training in preparation for unsupervised practice, will parallel the licensure process 22 . Gateways refer to state licensing board decision points; the first for a provisional training license and the second for an unrestricted license. The number and timing of the assessment elements to enable decisions at the two gateway decision points have not been specified 23 . Assessing basic science knowledge on each USMLE examination should enhance the importance of the sciences and increase students' appreciation and retention of underlying principles. At the same time, framing the examinations around competencies will strengthen the linkage between medical education and the competencies necessary for medical practice.
Finally, Dr. Brass 1 links a diminished emphasis on basic science education and decline in the number of faculty who move seamlessly from the bench to the bedside with the decline in students' interest in careers in the specialty of internal medicine. We believe the decline in students' interest in internal medicine is more related to the marketplace than to failure to instill scientific curiosity. Students who belong to "Generation X" and the "Millennium Generation" place more importance on lifestyle and discretionary time than the previous generation 24 .
WAY FORWARD
The recently released Scientific Foundations for Future Physicians report provides a framework for "the way forward" 25 . The report supports the value of up-to-date basic science content that reflects the importance of the sciences in clinical practice. It also emphasizes that the medical education process should result in scientifically inquisitive and compassionate physicians who have the motivation, tools, and knowledge to find the information necessary to provide the best, most scientifically sound care for their patients. It proposes a competency-based approach to pre-medical and medical education, and presents a set of core competencies. Similar reports addressing social science and behavioral foundations are being prepared.
A key challenge in implementing necessary changes in medical education will be creating a truly integrated medical education continuum that begins in medical school and extends through residency and practice. The fundamental sciences can and should be integrated better with the clinical sciences in our educational programs, as both are essential to progress in each. We will emphasize two ideas for changing education: more contextualized teaching of scientific foundations and more research understanding and experience for students.
Contextualized teaching of foundational science and clinical medicine. It is unlikely that faculty will be predominantly clinician-scientists, who are extramurally funded researchers with an extensive presence in the laboratory and on the wards. Rather, teams of scientists and clinical faculty should work together to promote scientific, evidence-based education. We must recognize and value a core of outstanding clinicianeducators, clinician-scientists, and basic scientists, and reward effective collaboration in education. Ongoing reforms in medical education should emerge from effective use of teams to help students understand the foundational science and its application to clinical decisions 26 . Clinician-educators may not be engaged in conducting bench or translational research, yet they are very much able to role model and teach the application of discoveries and the process of using best evidence to make clinical decisions. The bench-scientist-as-best-teacher conclusion is not supported by the emerging scholarship about excellence in clinical teachers [27] [28] [29] [30] . We wonder if Dr. Brass recognizes how many clinician-educators might interpret his concerns about the comprehensive teaching ability of clinicians who are not trained as scientists as a dismissal of their enormous talents and tremendous efforts on behalf of their learners and patients. Since the majority of the current clinical faculty was formally trained a decade or more ago, any shortcomings in their ability to teach the scientific foundations of medicine could be an indictment of the historical educational system that he embraces. As we look to the future, optimal clinical education requires collaboration among clinician-scientists, clinician-educators, basic scientists, and students who are dedicated to the principles of self-directed, continued learning.
Educational experience for to promote enhanced understanding of research for students and clinicians. There is a need for clinician-scientists, and medical schools should spawn interest among students in clinician-scientist academic careers. Students should be encouraged to acquire research experience even if their school does not require a research project. Opportunities include participating in research activities during unscheduled times, extending medical school to participate in a 1-year research experience, or doing a research fellowship. Such opportunities are likely to stimulate participation in science by clinicians and interest in careers as clinician-scientists. However, we support educational and research experiences designed to promote better understanding of research and ability to apply the published biomedical literature to clinical decisions. The anticipated results would be a more in depth understanding of research principles for all students and faculty, more research experience for some, and germinating interest in careers as clinician-scientists for some.
CONCLUSION
As a result of thoughtful changes, we have the opportunity to educate physicians who possess factual knowledge of fundamental science and understand the process of scientific inquiry and translation. They will have the ability to access and interpret information, the skills to determine when a practice guideline applies and when it does not, and will be able to determine what they know and what they need to learn. Physicians must understand the foundational sciences and apply them to the care of patients in order to know when a clinical guideline "fits" and when it does not. Facts, concepts, and processes should be presented where possible in an integrated fashion, analogous to the way in which physicians will ultimately access, analyze, and use information. Students should play an active role, stimulated by basic scientists, physician-scientists, and clinical faculty. We should use the licensing examinations to foster learning and clinical decision making. Internists and other physicians should remain actively engaged in the debate as we collaborate to develop the very best medical education system for the 21st century. Our patients and students deserve nothing less. Basic science lite? Hardly!
